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It has been noted in the literature that for certain materials 
the presence and propagation of a microcrack is often accompanied by 
the nucleation and coalescence of microvoids or microcracks in a 
process zone surrounding the tips of the macrocrack. During these 
processes, stored energy is intermittently released and transient 
elastic waves are emitted. These wave emissions can be measured 
experimentally to detect this process. 
In an earlier paper [1] the effect of the proximity of a 
macrocrack on the acoustic emission generated by microcrack nucleation 
has been analyzed under the restrictive conditions that the microcrack 
was located in the plane of the macrocrack. The results showed that 
the proximity of a macrocrack gives rise to considerable signal 
amplification. In the present paper the micro crack may be arbitrarily 
oriented with respect to the macrocrack. The analysis is fully 
dynamic. The elastodynamic crack-opening displacements of both the 
macrocrack and the microcrack have been computed as numerical 
solutions of a set of coupled singular integral equations, by the use 
of the boundary element method. The radiated fields have subsequently 
been computed by the use of the elastodynamic representation integral 
and the Fast Fourier Transform. Parametric studies show the effect of 
microcrack orientation and distance from the macrocrack on 
acoustically emitted fields. 
FORMULATION OF THE PROBLEM 
An infinite, homogeneous, isotropic and linearly elastic medium 
containing a macrocrack (length 2al ) , under a uniform tension u o 
applied at infinity, is considered here (Fig. 1). The high stress 
intensities around the crack tips may cause the presence of microvoids 
or microcracks near the tips of the macrocrack. For simplicity we 
assume that prior to time t - 0 only the macrocrack (length 2al ) is 
present, and at time t - 0 a microcrack (length 2a2) suddenly opens 
up. After this time (t > 0) a configuration of a macro crack with a 
neighboring microcrack exists. The sudden opening of the microcrack 
generates additional crack opening of the macrocrack, which in turn 
influences the opening up of the microcrack. This process is 
accompanied by elastodynamic wave motion propagating away from the 
cracks. In the limit (t ~ =) the static field of the two crack 
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Fig. 1. Superposition principle 
configuration will be reached. In this paper we will determine the 
radiated fields. 
By using the superposition principle the present problem can be 
split into two parts (Fig. 1). The first part (1) corresponds to the 
original system without the microcrack. The traction components fa on 
a line corresponding to the insonified side of the microcrack are 
calculated from (1), where the near tip asymptotic stress solution has 
been used, because the microcrack is assumed to be located near the 
tip of the macrocrack. The second part (2) concerns the two-crack 
configuration in which the microcrack is loaded by the same amplitude 
as fa from (1) but with opposite direction in order to render the 
microcrack free of tractions. Dynamic effects are considered by using 
the Heaviside function H(t) for the time dependence of f. The 
solution of problem (1) is well-known and in the followigg we 
concentrate therefore only on problem (2). 
The governing equations for 2-D elastodynamics are the equations 
of motion [3) 
U/J/J-Po. , a , a a,/J - 1,2 (1) 
and Hooke's law, 
U /J - ~6 /Ju + ~(u /J + u/J ) a a 'Y,'Y a, ,a (2) 
where U ~ denotes the stress components, u defines the displacement 
a a 
componen s, ~ and ~ are the elastic constants, P is the mass density, 
6 is the Kronecker symbol, (o),a denotes the derivative of a 
a8 0 quantity with respect to x , and (0) denotes the derivative with 
respect· to time t. a 
The initial and boundary conditions are as follows (see Fig. 2): 
and 
f 
a 
f 
a 
o on 
f*H(t) on 
a 
By using the Fourier transform pair 
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(4) 
(5) 
(6) 
we obtain the equation of motion in the frequency domain [3] 
(7) 
and the boundary conditions 
f - 0 
a 
on r l (8) 
where w is the angular frequency. For the present problem the 
scattered displacements usc can be expressed by the representation 
integral [2],[3] ~ 
x ~ r. (9) p 
Here ~ denotes the position vector of the observation point, 
U~~(~;~) is the Green's function of the infinite elastic medium [2], 
~u is the crack opening displacement, and n R is the unit normal 
vegtor of r, respectively. ~ 
Substitution of equation (9) in the constitutive equation (2) 
yields the following representation formula for the traction 
components at x 
-p 
where 
f (x ) -a-p (10) 
(11) 
By taking the limit x ~ r and by using the boundary conditions (8) a 
set of coupled integ~l equations is obtained, which are hyper 
singular as x and ~ coincide. However, this difficulty can be 
avoided by a~pecia1 approach as shown in a recent paper by the 
authors [4]. Using the solution procedure applied in [4] the B.I.E. 
has been solved for ~u6 for a number of frequencies, and the scattered 
-sc displacements u have subsequently been calculated by the use of the 
representation ~ntegra1 (9). Then, the FFT technique has been applied 
to obtain the radiated fields ua(~,t) in the time domain. 
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SOME RESULTS AND DISCUSSIONS 
All calculations were carried out for a Poisson's ratio v - 1/3. 
The distance from the macrocrack center to the point of observation, 
Ix I, was chosen as Ix Iial - 20. The geometrical parameters defining t~ crack configurati~s are shown in Fig. 2. 
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Fig. Z. Geometrical configuration 
For the special case a - 00 (colinear cracks) and ~al - 1.2, 
where ~ is the wavenumber of transverse waves, the depenaence of the 
scattered fields on the crack-tip separation distance dial' and on the 
ratio of half crack-lengths, aZ/al, is shown in Fig. 3 ana Fig. 4, 
respectively. As expected the scattered displacements increase with 
decreasing crack-tip distance where dial ~ ~ corresponds to the micro-
crack only. Hence considerable amplification is noted at small dial. 
As shown in Fig. 4, the larger the microcrack is, the larger are the 
scattered fields. 
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Fig. 3. Radiated fields versus dial: a = 00 , aZial 0.1, 
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Fig. 5. Radiated fields versus a: e = 0°, d/a l 0.1, 
It is to be expected that the orientation of the micro crack 
influences the scattered fields significantly. In Fig. 5, the 
scattered fields at an observation point defined by 8 - 0° and 
1!pI/a1 - 20 are plotted versus the orientation angle a for the case 
d/a1 - 0.05, a2/a1 - 0.1 and kra1 - 1.2. For a-0° (colinear 
cracks) the lUll component takes its maximum value while lu21 vanishes 
because of the symmetry with respect to the xl-axis. The lu21 
component reaches its maximum at approximately a-60°. SimIlar 
results for the observation point with 8 - 90° and Ix l/a1 - 20 are 
given in Fig. 6. l' 
The emitted fields in the time domain are shown in Fig. 7 and 
Fig. 8. The observation point is defined by 8 - 0° and 1!pI/a1 - 20, 
and the other geometrical parameters are listed in the figures. 
Figure 7 presents the radiated fields for the microcrack alone, and 
Fig. 8 shows the emitted fields for the configuration of a microcrack 
in the presence of the macrocrack. By comparison of the figures we 
can see that the presence of the macrocrack produces a signal which is 
larger in magnitude than the signal for the single microcrack. The 
signal amplification is generated because both the macrocrack and the 
microcrack undergo additional crack-opening displacements due to the 
presence of the other. Similar results for the observation point 
defined by 8 - 90° and 1!pI/a1 - 20 are shown in Fig. 10 and Fig. 11. 
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Fig. 6. Radiated fields versus a: e = 90°, dial 0.1, 
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Fig. 7. Radiated fields versus cLt/a1: microcrack alone, a 0°, 
a/a1 = 0.1, I~pl = ZOa 1• 
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Fig. 8. Radiated fields versus cLt/a1: microcrack + macrocrack, 
a = 0°, dial = 0.05, aZ/a 1 = 0.1, I~p I = ZOa1. 
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Fig . 9 . Radiated fields versus cLt/a1: micro crack alone, a 0°, 
aZ/a 1 = 0.1, I~pl = ZOa l · 
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Fig. 10. Radiated fields versus cLt/a1: microcrack + macrocrack, 
a = 0°, dIal = 0.05, a/a1 = 0.1, I~pl = ZOa 1• 
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